Introduction: While recent studies project a national shortage of plastic surgeons, there may currently exist areas within the United States with few plastic surgeons. We conducted this study to describe the current geographic distribution of the plastic surgery workforce across the United States. Methods: Using the 2013 to 2014 Area Health Resource File, we estimated the number of plastic surgeons at the health service area (HSA) level in 2010 and 2012. The density of plastic surgeons was calculated as a ratio per 100,000 population. The HSAs were grouped by plastic surgeon density, and population characteristics were compared across subgroups. Characteristics of HSAs with increases and decreases in plastic surgeon density were also compared. Results: The final sample included 949 HSAs with a total population of 313,989,954 people. As of 2012, there were an estimated 7600 plastic surgeons, resulting in a national ratio of 2.42 plastic surgeons/100,000 population. However, over 25 million people lived in 468 HSAs (49.3%) without a plastic surgeon, whereas 106 million people lived in 82 HSAs (8.6%) with 3.0 or more/100,000 population. Plastic surgeons were more likely to be distributed in HSAs where a higher percentage of the population was younger than 65 years, female, and residing in urban areas. Between 2010 and 2012, 11 HSAs without a plastic surgeon increased density, whereas 15 HSAs lost all plastic surgeons. Conclusions: Plastic surgeons are asymmetrically distributed across the United States leaving over 25 million people without geographic access to the specialty. This distribution tends to adversely impact older and rural populations.
S ince the 1990s, there has been a growing consensus that the overall health care provider surplus that was predicted to occur early this millennium 1-3 has failed to materialize. In fact, recent projections suggest the workforce will be 30% smaller than what is needed to care for a growing, and aging, population. [4] [5] [6] [7] [8] Predictions regarding the plastic surgeon workforce have mirrored this broader health care workforce debate. For example, early concerns of an oversupply of plastic surgeons [9] [10] [11] [12] [13] in the 1970s have given way to fear of an impending shortage. This has prompted calls for, among other actions, an increase in residency positions. [14] [15] [16] [17] Yet the total number of plastic surgeons is only one factor in ensuring patient access to care.
Understanding the geographic distribution of the plastic surgery workforce is also needed to help inform policy makers about workforce imbalance and improving access to care. [18] [19] [20] [21] [22] Although the number of plastic surgeons may seem sufficient on average, this view can mask an underlying asymmetric distribution whereby some geographic areas have a relative surplus of plastic surgeons, whereas other areas are without any. This has been particularly notable in other fields where specialist health care providers concentrate in urban and academic environments. 18, [23] [24] [25] [26] [27] Of most importance, several studies evaluating the clinical impact of this asymmetric distribution of health care providers have shown a correlation between poor health care outcomes and decreasing physician access. [28] [29] [30] [31] Although recent studies have examined whether enough plastic surgeons are in practice to meet patient demand overall, few have defined the geographic distribution of plastic surgeons in the United States. Therefore, we conducted this study to describe the geographic distribution of plastic surgeons across the United States, identify recent changes in distribution of plastic surgeons across the United States, and examine characteristics of areas where plastic surgeons are most likely to settle. Based on prior studies examining geographic variation in the health care workforce, we hypothesized that plastic surgeons would be unequally distributed across the United States and that disparate access to plastic surgeons may be worsening.
METHODS
The 2013 to 2014 Area Health Resource File (AHRF) served as the primary data source for this study. The AHRF is a compilation of data from the American Medical Association (AMA) Masterfile, Centers for Medicare and Medicaid Services, American Hospital Association, and other national databases, and is publicly available from the Health Resources and Services Administration. The data contained within provide health resource and socioeconomic information at the county level for the entire United States. Specific information includes geographic codes, population characteristics, and health care facility and workforce availability. 32 
National Cancer Institute's Health Service Areas
The county-level data from the AHRF was aggregated to the National Cancer Institute's health service area (HSA) level. 33 The HSAs were originally defined by the National Center for Health Statistics as a single county, or cluster of counties, which are "self-contained" in respect to hospital care. 33 The National Cancer Institute subsequently modified these areas by dividing HSAs that straddled state lines so that all HSAs are contained within state boundaries. The use of HSAs to describe population and physician characteristics at a national level is well established. 18, 20, 25 Though prior studies have used the county or hospital referral region as the geographic unit of analysis, we selected the HSAs because they are defined by health care utilization rather than geographic boundary (ie, county level), yet still represent care provided within community hospitals rather than larger referral areas (ie, hospital referral region level). For plastic surgery, even relatively complex care, such as breast reconstruction, is more often provided at community hospitals rather than tertiary care centers. 34 
Plastic Surgeon Density
Our primary variable of interest was plastic surgeon density per 100,000 population at the HSA level. This was defined in the following manner: The numerator in this ratio was the total number of plastic surgeons in each county as reported in the AHRF via the AMA Masterfile. The denominator represented the total population within each county according to the US Census (2010) or the American Community Survey (2012). Both values were aggregated from the county level to the HSA level and expressed as the number of plastic surgeons per 100,000 population. Plastic surgeon density was determined for years 2010 and 2012, which were the most recent years available.
Population Characteristics
Additional demographic and health resource availability data were also collected from the AHRF and aggregated to the HSA level. Demographic data included the percentage of the population that was female, aged 65 years or older, living in a rural area, unemployed, and mean per capita income in 2012 US $. To describe available health care resources, we calculated the number of physicians (all specialties), hospitals, hospital beds, ambulatory surgery centers, and operating rooms per 100,000 population similar to that described for calculating plastic surgeon density.
Statistical Analysis
First, descriptive statistics were presented for all HSAs included in the study. Second, HSAs were grouped according to plastic surgeons density: none, less than 1.00/100,000, 1.00-1.99/100,000, 2.00-2.99/ 100,000, 3.00/100,000 or greater population. These cutoffs were selected based on an empiric review of the distribution of plastic surgeon density. The HSA characteristics were then compared across groups using generalized linear models. The geographic distribution of plastic surgeons in the United States was further explored through cartography. Next, we analyzed changes in the distribution of plastic surgeons across HSAs between 2010 and 2012. For each year, HSAs were categorized according to the density of plastic surgeons (none, <1.00/100,000, 1.00-1.99/100,000, 2.00-2.99/100,000, ≥3.00/100,000 population). The change in category for each HSA was determined and classified as an increase, decrease, or no change in plastic surgeon density. The HSA characteristics were compared across groups (increase, decrease, no change) using generalized linear models.
All analyses were conducted, and maps generated, using SAS version 9.3 (SAS Institute, Cary, NC). All P values were 2 sided and considered significant at the less than 0.05 level. Because this study used publicly available data that do not include patient identifiers, it was considered exempt from review by the University of Pennsylvania Institutional Review Board.
RESULTS
The final sample included 949 HSAs with a total population 313,989,954 people. There were 7600 plastic surgeons reported in the AHRF yielding an overall ratio of 2.42 plastic surgeons per 100,000 population. In the average HSA, approximately half the population was female (50.3%) and lived in a rural area (40.6%). A smaller proportion of the population was older than 65 years (16%). The typical density of health care providers within a given HSA included 177.4 physicians. In contrast to the national plastic surgeon ratio per 100,000 population, the average HSA had 1.0 plastic surgeons per 100,000 population.
Distribution of Plastic Surgeons in the United States
The nationwide geographic distribution of plastic surgeons in 2012 is presented in a choropleth map (see Fig. 1 ) whereby areas (HSAs) are patterned or shaded in proportion to the variable of interest (plastic surgeon density). As of 2012, over 25 million people lived in 468 (49.3%) HSAs without any plastic surgeons, and another 29 million people lived in 109 (11.5%) HSAs with less than 1 plastic surgeon per 100,000 population. Comparatively, 106 million people lived in 82 (8.6%) HSAs with at least 3.0/100,000 population, whereas the rest of the United States was roughly evenly divided between HSAs with 1.0 to 1.9 and those with 2.0 to 2.9 plastic surgeons per 100,000 population. Comparisons between HSA categories according to plastic surgeon density revealed statistically significant differences in all demographic, socioeconomic, and hospital resource factors (see Table 1 ).
Factors Associated With Higher Plastic Surgeon Density
In the multivariate analysis, plastic surgeons were more likely to be distributed in HSAs where a higher percentage of the population was younger than 65 years, non-white, female, and residing in urban areas (see Table 2 ). The mean household income in those areas with more plastic surgeons was also higher. Finally, plastic surgeons tended to practice in areas with greater health care resources, including the number of hospital beds, ambulatory surgery centers, and operating rooms per 100,000 population (all P values ≤ 0.001).
Trend in Plastic Surgeon Density Over the Last 3 Years
Between 2010 and 2012, most HSAs experienced small or no fluctuation in their plastic surgeon to population ratio. However, 11 HSAs without any plastic surgeon increased density, whereas 15 HSAs appeared to lose all plastic surgeons (see Table 3 and Fig. 2 ). Over this period, there was a slight increase in the total number of The asymmetric distribution of plastic surgeons between urban and rural practice settings is consistent with the established literature on physician workforce distribution in the United States, for both general and subspecialty providers. In broad terms, physicians have often settled in urban areas due to a variety of personal and professional considerations. 23, 35 As overall physician-to-population density has increased over the last few decades, some physicians have started to migrate into rural areas. Despite this, variations in settling patterns across the nation have created significant disparities in provider availability and travel times to care, 18 particularly among these rural populations. This is most notable among specialty care, 20,23,36 and geographic differences have been well characterized in prior workforce studies among other physician populations ranging from general surgeons 24 to mental health professionals. 37 The tendency of plastic surgeons to settle in areas with a potentially younger, female population follows recent trends in practice patterns among the specialty. Over the past decade, the nation has seen a vast increase in the number of cosmetic procedures, with relatively slow growth in the number of reconstructive procedures. 38 There is evidence indicating this gap will continue to widen as more plastic surgeons favor cosmetic procedures, often citing low reimbursement rates among reconstructive procedures as their reason for doing so. 15 Young females are the primary patient demographic that create the increased demand for these cosmetic surgical services. 38 Market forces may then drive plastic surgeons into areas with higher demand, particularly in times of economic prosperity, 39 leaving fewer plastic surgeons to complete reconstructive procedures elsewhere. 17, 40 The primary concern with unequal geographic access to plastic surgeons is its potential contribution to disparities in health care utilization and impact on patient care. Disparities in provider availability have been found to account for a portion of the variation in health care utilization. 28 For example, among early-stage breast cancer patients, greater travel distance to a radiation facility confers a greater likelihood of mastectomy over breast conserving therapy. 41 More importantly, these differences in health care utilization can have detrimental affects on patient outcomes. Odisho et al 31 illustrated this relationship in a county-level analysis, demonstrating the beneficial effect of urologist availability on prostate cancer mortality. Further research is needed to understand how the distribution of plastic surgeons impacts patient care within our field specifically, including a more granular evaluation of breast reconstruction rates.
The plastic surgery workforce is not static, but a dynamic entity among which seemingly small migration patterns may contribute to large changes in geographic access and patient outcomes. Although plastic surgeons are among the least likely physicians to relocate throughout their career, physicians on the whole move more often than the general populous throughout their careers. 26, 42 Between 2010 and 2012, plastic surgeon migration and the settling of new plastic surgeons resulted in changing plastic surgeon density in several HSAs. Among rural populations with limited provider availability, small variations in physician migration can result in large differences in geographic access. 24 Moreover, the addition or removal of just 1 provider in an area can translate into changes in mortality rates. 31 For these reasons, perhaps future workforce policy in plastic surgery should be directed not toward increasing overall plastic surgeon density, but toward recruiting and maintaining plastic surgeons within these critical geographic areas.
This study should be viewed in the context of several limitations. First, physician location data is often self-reported and may be based on home of residence versus area of practice. Although this may be the same geographic areas in some instances, this may not always be the case. The extent to which this impacts our geographic distribution estimates cannot be determined. Second, it should be kept in mind that this study addresses only the supply of plastic surgeons. Provider supply is one aspect of health care utilization. Realized health care utilization is a multifactorial concept that includes the consideration of numerous barriers and enabling factors that are beyond the scope of this study. 43 Additionally, although the current study does not include data on individual surgeon practice patterns, we recognize that each plastic surgeon does not contribute equally to care for every condition. Thus, changes in plastic surgeon practice patterns in already underserved areas may have substantial effects on patient care that we have not yet assessed. Finally, we cannot determine if the existing plastic surgeon workforce studied here is entirely board-certified plastic surgeons because the AMA Masterfile is based on self-reporting of specialty preference by members.
In conclusion, plastic surgeons are asymmetrically distributed across the United States, leaving over 25 million people living in areas without geographic access to the specialty. Migration and settlement patterns among plastic surgeons from year to year contribute to a changing landscape in provider distribution and access to care. Further research is needed to understand how this distribution may impact patient care and outcomes, with future workforce policy directed at retaining plastic surgeons in areas suffering from plastic surgeon shortages.
